A B S T R A C T The effects of secretin vasodilation on peritubular capillary Starling forces and absolute proximal reabsorption were examined in the rat. Secretin was infused at 75 mU/kg per min into the aorta above the left renal artery. Efferent plasma flow increased from 125±28 to 230±40 nl/min with secretin infusion. Single nephron filtration rate (44±6 vs. 44±7 nl/min) and absolute proximal reabsorption (21±5 vs. 21±4 nl/ min) were not significantly changed. Peritubular capillary and interstitial hydrostatic pressures increased with secretin infusions (from 9±0.4 to 15±0.7 mmHg and from 3±0.2 to 4±0.2 mmHg, respectively). Both peritubular capillary and interstitial oncotic pressures decreased (from 25±2 to 20±2 mmHg and from 10±1 to 4±1 mmHg, respectively) during secretin infusion. The net reabsorption pressure for peritubular capillary uptake significantly decreased from 9±2 to 5±2 mmHg and the coefficient of reabsorption increased from 3±1 to 6±2 nl/min per mmHg. We conclude that although secretin causes a vasodilation and decreases net reabsorption pressure, absolute proximal reabsorption is unchanged. Peritubular capillary uptake is maintained, and since net reabsorption pressure is decreased, the coefficient of reabsorption is increased.
INTRODUCTION
Most vasodilators (bradykinin, acetylcholine, and prostaglandin E2) cause a diuresis and a natriuresis when infused into the kidney (1-3). Marchand et al. (4) have demonstrated that intrarenal infusions of pharmacologic doses of secretin causes a marked increase in renal blood flow without increases in renal interstitial pres-sure or sodium excretion in the dog. Absolute proximal reabsorption and peritubular capillary pressure were significantly increased with the renal artery infusion of secretin. The failure of increased peritubular capillary pressure to decrease proximal reabsorption was inconsistent with the generally accepted hypothesis linking peritubular capillary uptake with regulation of proximal sodium reabsorption (5) . Since peritubular capillary and interstitial oncotic pressures were not measured, the relationship between proximal reabsorption and the net Starling forces for peritubular capillary uptake could not be determined.
To define the relationship between the peritubular capillary Starling forces and proximal tubule reabsorption for this unique vasodilator, all four Starling forces and absolute proximal reabsorption were determined before and during secretin infusion in the rat.
METHODS
Male Sprague-Dawley rats weighing 250-300 g were fasted for 12 h before the study. Inactin (100 mg/kg) was administered intraperitoneally to induce anesthesia. A tracheostomy was performed; both right and left jugular veins were cannulated, and the urinary bladder was catheterized. The left carotid artery was cannulated for monitoring blood pressure and for blood specimen collection. A cannula was positioned at the level of the left renal artery through the left iliac artery for infusion of secretin (Kabi Diagnostica, Studsvik, Sweden). Injection of 5% lissamine green dye was used to confirm this position. Animals were placed on a heated board and core body temperature maintained at 370C. Sur- gical blood losses were replaced with isoncotic (5.0 g/100 ml) human serum albumin (1.2 cm3/h for 2 h). An inulin solution was infused to maintain serum concentrations between 50 and 100 mg/100 ml. All solutions were diluted in 0.9% saline. The total rate of infusion was 3.5 ml/h.
After a 2-h recovery time from surgery, the kidney was prepared for micropuncture through a left flank incision.
The kidney was placed in a lucite cup packed with cotton wool to reduce respiratory and vascular motion.
Recollection micropuncture was performed on two late proximal tubules in each rat before and during secretin in- Tr (mmHg) = 2.4c + 0.17 c2 + 0.01C3, where Tj is interstitial oncotic pressure and c is interstitial protein concentration in g/100 ml (9) . NRP (mmHg) = (ir, -r) -(P, -PI), where NRP is net reabsorption pressure, ir, is peritubular capillary oncotic pressure, ir1 is interstitial oncotic pressure, P, is capillary hydrostatic pressure, and PI is interstitial hydrostatic pressure.
K, (nanoliters per minute per mmHg) = CU/NRP, where K, is coefficient of reabsorption and CU is as above.
All data were expressed as means±SE. P-values were calculated by the paired t test. Table I summarizes the results in the rats before and during secretin infusion and in time-control experiments. Fig. 1 shows the results for all four Starling forces in each rat. The systemic protein concentration was 5.1±0.3 and 5.0±0.3 g/100 ml before and after secretin infusion, respectively. The efferent protein decreased from 7.3±0.4 to 6.1±0.4 g/100 ml (P <0.001) with secretin vasodilation. Peritubular oncotic pressure decreased 5.0±1.1 mmHg (P < 0.01) In the steady state, assuming negligible rate of lymph production, the rate of uptake of peritubular capillaries must equal the tubular reabsorption (5). Quinn and Marsh (9) estimated not only absolute proximal reabsorption, but also absolute distal reabsorption in Ringer's expanded, normal hydropenic, and plasmaexpanded rats. The inclusion of distal reabsorption increased total reabsorption (proximal plus distal) by -20% in each group. Inclusion of distal reabsorption would increase calculated capillary uptake and the coefficient of reabsorption both before and after secretin infusion. Since secretin did not significantly alter absolute proximal reabsorption, it is unlikely that superficial distal reabsorption would selectively change after secretin and alter capillary uptake.
RESULTS
Peritubular capillary and interstitial oncotic pressures decreased by 5.0 and 6.3 mmHg, respectively. The decrease in peritubular capillary oncotic pressure can be attributed to the fall in filtration fraction. Although there is some variation in the absolute values of hilar lymph protein, all values decreased with secretin vasodilation. Thus, the changes in capillary and interstitial oncotic pressures were largely in parallel. Since the hydrostatic pressures were not offset, the net reabsorption pressure for uptake in the peritubular capillaries decreased from 9±2 to 5±2 mmHg. Since uptake was unchanged, the coefficient of reabsorption increased from 3±1 to 6±2 nl/min per mmHg with the infusion of secretin.
The coefficient of reabsorption is the product of the hydraulic conductivity and surface area of the peritubular capillaries. Therefore, secretin infusion could either increase the hydraulic conductivity, the surface area available for uptake, or both. These in turn provide possible mechanisms for sustained capillary uptake in the presence of renal vasodilation with secretin.
